This last point demands further elaboration. Most endeavors in healthcare, science, and industry require groups to work together effectively -this is the essence of teamwork. Failures of teamwork in complex organizations can have deadly effects. More than twothirds of air crashes involve human or pilot error as a primary factor, in contrast to the decreasing number of crashes related to primary mechanical failure. When human error is cited as a major contributor in an air crash, this occurs most often in the form of failures in teamwork, in such areas as communication and shared mental models. 8 Historically, however, professional training has focused on technical, rather than on interpersonal, skills. Aviation has mandated that the flight and cabin crews work together as a team, through the use of standard operating procedures (SOPs) and formal training in teamwork and communication. In contrast, it is said that getting the diverse groups in healthcare, such as surgeons, anesthesiologists, and nurses, to work as a team is like herding cats.
Also of importance is the concept of 'context' or the 'whole situation relevant to a particular event' and its influence on team performance and error management. Four particular characteristics need to be considered: individual knowledge and skill, team composition, organizational characteristics, and culture. The last of these, culture, is often little understood, yet it is of vital importance for safety and for effective performance. Because culture has been implicated in accidents and incidents in aviation and medicine, further elaboration is required.
C Cu ul lt tu ur re e Culture represents the values, beliefs, and behaviours that are shared by members of groups. Culture binds us together as a group and provides the cues and clues as to how we should behave in both normal and novel situations. Culture also has multiple consequences. It influences how juniors relate to their seniors. This may be seen in those who have an unwillingness to speak up vs those who are assertive. Culture influences how information is shared, as in the use of direct vs indirect speech. Culture influences adherence to rules and attitudes about stress and personal capabilities. Finally, culture also influences how humans interact with computers and technology -such as whether or not they believe the monitor or the patient. 6 There are three major types of intersecting cultures. First, national culture represents the shared components of nationality, including norms, attitudes, and values, for example, the Canadian 'peace, order and good government' vs the American 'life, liberty and the pursuit of happiness.' Second, professional culture defines the norms, attitudes, values and practices associated with being a pilot, doctor or nurse, for example, carrying a stethoscope with a cloth cover (usually a nurse) or without (usually a doctor). Third, organizational culture defines the norms, attitudes, values, and practices of an airline or hospital, such as 'naming, blaming and shaming' workers after a catastrophe. 6 N Na at ti io on na al l c cu ul lt tu ur re e One component of national culture is 'power distance' or PD. In high PD cultures, juniors do not question superiors. Leaders may be autocratic. Another aspect is uncertainty avoidance or UA. Groups with high UA values believe that rules should not be broken. 9 One aviation study showed agreement that the organization's rules should not be broken ranging from 28% to 78% across different cultures. 6 High UA groups also believe that written procedures are needed for all situations. 9 Here the range of values was wider, with agreement that written procedures were needed for all in-flight situations ranging from 19% in one culture to 85% in another. 6 O Or rg ga an ni iz za at ti io on na al l c cu ul lt tu ur re e An organization's culture reflects its values regarding error, blame, and punishment. These values relate to the openness of communications between management and workers (such as pilots). From this follows the level of adherence to regulations, the level of commitment to safety, and the level of trust between pilots and management. 6 An example of the importance of organizational culture comes from the investigation of air crashes. Studies have shown that flawed organizational culture was a precursor of disaster, as demonstrated by lack of safety concerns, operational pressures, poor leadership, conflict with management, and negative organizational climate. 1, 10 P Pr ro of fe es ss si io on na al l c cu ul lt tu ur re e Pilots and doctors have stalwart and similar professional cultures, with positive and negative aspects. The positive aspects are a shared, strong motivation to do well and great pride in each profession. The negative aspects are training that stresses the need for perfection and a deep perception of personal invulnerability and resistance to human failings such as fatigue.
In our studies at The University of Texas, we have found the majority of pilots and doctors in all cultures agree that:
-their decision-making is as good in emergencies as in normal situations; -their performance is not affected by personal problems; -they do not make more errors under high stress; and -true professionals can leave behind personal problems. There are other threats to safety in medical culture. These include suppressing discussion of medical errors, tolerance of detrimental behaviours (such as illegible handwriting and nurse-physician conflict), variability of practice standards, and widespread individual variation in medical procedures.
One threat to safety that is too well tolerated and even venerated in healthcare is that of fatigue. Professor Drew Dawson, of the University of South Australia, clearly demonstrated the similarity between sleep deprivation and alcohol intoxication on psychomotor performance. Seventeen hours of sleep deprivation have the performance effects equivalent to a blood alcohol content of 0.05% (the legal limit in all states in Australia). By the time an individual has been awake for 24 hr, the sleep deprivation has the performance effects comparable to a blood alcohol content of 0.1%. 11 In contrast, commercial aviation's flight duty limits are set at eight hours in one day, 30 hr in one week, 100 hr in one month, and 1,000 hr per year. In contrast, American hospital resident work rules as of July, 2003 define work limits of 24 hr in one shift, 80 hr in one week (with the ability to work beyond these limits), and no limits for total work time in any month or in a year. The performance decrement from sleep deprivation is a major contributor to the making of errors, which we next consider. E Er rr ro or r Error is inevitable because of human limitations. These include: limited memory capacity, limited mental processing capacity, negative effects of stress, tunnel vision, and the negative influence of physiological factors such as fatigue, hunger and thirst. In both aviation and medicine, in an attempt to compensate for the imperfect human, technology has been seen as a way of reducing error. Yet technology itself is a source of threat and error. New technology does not eliminate error, nor does even newer technology. Most problems occur at the interface between teams, such as between surgeon and anesthesiologist and nurse and doctor -a rather 'untechnological' concept.
O Ob bs se er rv va ab bl le e t te ea am m e er rr ro or rs s m ma ay y b be e c cl la as ss si if fi ie ed d i in nt to o f fi iv ve e b ba as si ic c t ty yp pe es s -Task execution -an unintentional physical act that deviates from the intended course of action, for example, not turning the ventilator on, after induction of anesthesia of an unstable patient in the trauma room;
-Procedural -an unintentional failure to follow mandated procedures, such as a nurse incorrectly counting the number of sponges before the laparotomy in the trauma room; -Communication -a failure to transmit infor mation, failure to understand information, or failure to share a mental model, such as thinking that the surgeon said 'five minutes' (vs '55 min'); -Decision -a choice of action unbounded by procedures that unnecessarily increase hazard, such as anesthetizing an unstable patient in the trauma room; and -Intentional noncompliance -violations of for mal procedures or regulations, such as leaving an anesthetized patient in the trauma room to get more blood from the fridge in the recovery room. Rather than trying to 'prevent' all errors -an impossible task in itself, 12 teams and individuals are encouraged to manage errors, through reducing the frequency at which they occur, trapping the errors as they are made, and mitigating or treating the consequences of the errors and other contributing factors. [5] [6] [7] One systematic approach to error management is The University of Texas threat and error management model (UT-TEMM). 6 This provides a template for analysis of both superior and flawed performance. The model is helpful as a conceptual framework for formal training in threat and error management. UT-TEMM has also been used in analysis of air crashes, adverse events and close calls. Some of these investigations have shown that organizations with a 'good safety record' have certain characteristics, which together define the organization's safety culture.
W Wh ha at t o or rg ga an ni iz za at ti io on ns s c ca an n d do o t to o b bu ui il ld d a a s sa af fe et ty y c cu ul lt tu ur re e First, an organization needs to define a clear policy regarding human error. Errors should be accepted and not punished, in contrast to intentional non-compliance, which should not be tolerated.
Second, formal procedures should be initiated where appropriate. SOPs were aviation's first countermeasures against threat and error. Aviation is arguably over-proceduralized, through a concept known as 'tombstone regulation.' In contrast, medicine is under-proceduralized. Although checklists are critical error countermeasures, they are sometimes regarded as being "for the lame and the weak." 6 Third, the dangers in fatigue should be recognized (see above). Fourth, reporting systems should be used to uncover threats and sources of error. Fifth, adverse outcomes as well as close calls (near miss/adverse/sentinel events) should be analyzed, using a systematic method, such as the UT-TEMM. In addition, analysis should be carried out of both the positive and negative aspects of close calls and accidents.
Sixth, formal training should be provided in threat and error management, with programs such as crew resource management (CRM) adapted to medicine and based on local data. 13, 14 Training topics in CRM should include human limitations as sources of error; the nature of error and error management; culture and communications; expert decision-making; training in using specific behaviours and procedures as countermeasures against threat and error. Examples of these countermeasures are briefings, inquiry, sharing mental models, conflict resolution, and fatigue and alertness management.
Organizations that implement these measures should see a decrease in a wide variety of safety-related problems, although not to the 'zero defect' level. The quest for safety in healthcare and aviation is ongoing -we will never be 'safe' but we can continue to improve.
